(i.e., psychological functioning, self-actualization) wellbeing (Deary et al., 2013) , both of which together comprise the broad concept of mental well-being (Clarke et al., 2011) . Keyes (2002) has argued that it takes a combination of these to be considered as mentally healthy. For a description of the development of the WEMWBS, including favorable construct validity, discriminatory powers, and test-retest reliability see Clarke et al. (2011) , Lloyd and Devine (2012) , Tennant, Hiller, et al. (2007) , Tennant, Joseph, and StewartBrown (2007) , and Vaingankar et al. (2011) .
With reference to instrument validity (i.e., the validity of test score interpretations) in different populations and countries, there is now evidence showing the suitability of the WEMWBS for measuring positive mental well-being in populations that may differ from those in which the properties (of the WEMWBS) have been assessed previously (see Bartram, Sinclair, & Baldwin, 2013; Clarke et al., 2011; Gremigni & Stewart-Brown, 2011; Lloyd & Devine, 2012; López et al., 2013) . Moreover, there is increasing evidence from confirmatory factor analyses supporting a single underlying factor for the 14-item WEMWBS (e.g., Clarke et al., 2011; Lloyd & Devine, 2012; López et al., 2013; Tennant, Hiller, et al., 2007) and for a 7-item shorter version (e.g., Gremigni & Stewart-Brown, 2011) . However, even with satisfactory to excellent model fit statistics being reported, the WEMWBS has not been immune to criticism. For example, the issue of item redundancy has been raised (Gremigni & Stewart-Brown, 2011; Tennant, Hiller, et al., 2007) . In addition, Clarke et al. (2011) identified issues pertaining to definition and understanding of items, potential for misinterpretation of items, items possibly causing embarrassment, and variable interpretation where items referred to a more holistic reflective approach to oneself.
Studies to date have primarily focused on applying classical test theory (CTT) in testing the validity of the construct and the reliability of the WEMWBS scores. An inherent weakness with this is that conventional analytical techniques based on CTT require linear, interval scale data input (Wright, 1997) . However, raw data collected through Likert-type scales are always ordinal because the categories of these scales indicate only ordering without any proportional levels of meaning (see Bond & Fox, 2013) . Consequently, misleading conclusions can be drawn.
In an attempt to overcome this, a number of studies have applied the Rasch model (Rasch, 1960 (Rasch, , 1980 , which focuses on modeling responses at the item level rather than the test level (Cooper et al., 2015) . Based on concepts of unidimensionality, invariance, and item difficulty/person ability, the Rasch model assumes that the probability of endorsing an item is a logistic function of the relative difference between item location (difficulty) and person location (ability), which are both measured on a linear scale. It overcomes the inherent weaknesses in CTT by converting ordinal data into continuous interval measures which have a constant interval meaning (Hagquist, Bruce, & Gustavsson, 2009) , and in doing so provides objective measurement from ordered category responses (Linacre, 2006) . These responses (i.e., raw scores) from different items representing different severity can then be summated, which allows for quantitative comparisons of items and identification of repetitive items or gaps in a scale (Zaporozhets et al., 2015) . Misfitting items that correlate with other items of an instrument, but fail to measure the same construct can also be identified by the Rasch model (Zaporozhets et al., 2015) . Furthermore, differential item functioning (DIF) can be examined, thereby yielding crucial information about measurement equivalence irrespective of cultural groups and the ages and genders within these groups (see Tennant, McKenna, & Hagell, 2004) . Stewart-Brown et al. (2009) tested the Rasch model on WEMWBS date and found that the fit to the model expectations was poor. After deleting seven items of the WEMWBS, many of which showed considerable bias for gender, a strict unidimensional seven-item scale was obtained, which was named the Short Warwick-Edinburgh Mental Well-Being Scale (SWEMWBS). Moreover, the polytomous response structure of the new shortened scale worked, with higher scores within an item reflecting greater overall positive mental well-being. In a study involving 500 veterinary professionals (Bartram et al., 2013) , the original 14-item WEMWBS deviated significantly from Rasch model expectations. The sequential removal of seven items (the same as in Stewart-Brown et al., 2009 ) however, to satisfy the strict unidimensionality expectations of the Rasch model, produced a robust interval-level instrument suitable for use as an indicator of population mental well-being. However, as Meijer and Egberink (2012) highlighted, removing items from a scale that violate the assumption of invariant item ordering "requires a delicate balance between different psychometric and content arguments" (p. 603). Therefore, researchers must evaluate whether removing items to achieve invariant item ordering weakens the content validity of the scale and its measurement reliability.
Mokken models, which although based on item response theory are unlike Rasch models in that they are nonparametric and relax some of the strong assumptions about the nonlinear behavior of response probabilities (that are invoked by Rasch models), have been used to retain more items in a scale (Stochl, Jones, & Croudace, 2012) . For example, Deary et al. (2013) demonstrated through Mokken scaling that most of the WEMWBS items were suitable for measuring the latent construct of positive mental well-being and that by retaining more items a more authentic assessment (and ordering of items) of the latent construct was offered (in comparison with the Rasch model).
While these studies using the Rasch model, and in the case of Deary et al. (2013) the Mokken model of double monotonicity, have been promising, it is acknowledged that the psychometric properties are not inherent to an instrument and therefore it is important to examine these properties in different populations and in different settings. Furthermore, like many health rating scales, the WEMWBS uses the Likert-type summated scales ratings method, which can lead to potential misrepresentation. Specifically, although the total scores of the WEMWBS have a rank order the intervals between each score are not necessarily equal (Bartram et al., 2013; Hobart & Cano, 2009) . Therefore, because the intervals between successive scores on the scale does not necessarily reflect equidistant steps in the severity of the underlying construct, it is difficult to make meaningful score comparisons between subgroups or interpret change (i.e., in severity) over time (Hobart & Cano, 2009 ). Furthermore, concerns have been expressed with the WEMWBS as to whether the categories of an item work as expected, and whether items have been tested for DIF (Bartram et al., 2013; Stewart-Brown et al., 2009) . Although not developed using Rasch, item scores in the WEMWBS are typically summed. When doing this, one has to determine that all items measure the same thing, otherwise a sum score is meaningless.
The Rasch model, which relies on stronger statistical assumptions than Mokken models and has the advantage of parsimony, familiarity and a straightforward interpretation of parameters and thus findings (Stochl et al., 2012) was selected for the present study. By considering both psychometric and item content, as well as the theoretical relevance of the items, along with confirming that any DIF is real (and not artificial), the present Rasch model study will produce a more authentic assessment of positive mental well-being that is representative of both hedonic and eudaimonic well-being. Furthermore, DIF is a potential source of bias in person measurement and while associations have been found between mental illness and income (e.g., Kessler et al., 2009; Wray, Dvorak, & Martin, 2013) , gender (Kessler et al., 2009; Wray et al., 2013) and age (Jones, 2013) , and greater income inequality and worse population health (Wilkinson & Pickett, 2006) , the associations between income and mental well-being are not so clear (Kearns, Whitley, Bond, Egan, & Tannahill, 2013) . Therefore, the present study sought to extend the work of Stewart-Brown et al. (2009) who highlighted the importance within the framework of Rasch measurement of ensuring no gender and age bias exist in a scale so that effects can be properly understood, by also testing for DIF by income.
The aims of the present study were to (a) evaluate the psychometric properties of the construct and the reliability of the WEMWBS scores in an Australian sample, more specifically item invariance across subgroups of the population, operation of response categories, and identification of redundant items and (b) examine the construct validity of the Rasch-derived interval scale. 
Method

Participants
Measure
The WEMWBS (see Tennant, Hiller, et al., 2007; was developed to assess positive mental well-being at a general population level. It comprises 14 positively worded items to which participants respond using a 5-point Likert-type scale (scored 1 "None of the time," 2 "Rarely," 3 "Some of the time," 4 "Often," 5 "All of the time"), thereby providing a total score of 14 to 70. Responses are based on participant's feelings over the previous 2 weeks. Higher levels of positive mental well-being are indicated by higher scores. (For the purposes of a Rasch analysis, scoring has to begin at 0 and therefore in the present study the response options were 0 to 4.)
Rasch Analysis
In the Rasch model (Rasch, 1960 (Rasch, , 1980 , the construction of stable linear measures is guided by the principle of invariant comparison (i.e., the relative location of two people on the continuum is not dependent on items to which they respond and the relative location of two items does not depend on the people from whom the estimates are made). Determining the extent to which observed rating scale data satisfy the measurement model is therefore an aim of a Rasch analysis (Bartram et al., 2013) . When there is a misfit between the data and the model, explanations for the misfit are sought and the instrument adapted accordingly for future administrations (Cano & Hobart, 2011) .
In this present study, the polytomous Rasch model (Rasch, 1960 (Rasch, , 1980 was used, and in particular the partial credit parameterization of the model (see Andrich, 2009 ) using the software RUMM2030 (Andrich, Sheridan, & Luo, 2010) . In the rating scale parametrization of the polytomous model the thresholds are the same for all items, whereas in the partial credit parameterization the number and values of the thresholds can differ for each item. In RUMM2030, an estimate of the reliability of the scale is available as a person separation index (PSI) of reliability, with values ranging between 0 and 1. This reflects the instrument's capability to differentiate persons on the continuum. Under conditions where there are no floor or ceiling effects, the PSI of reliability is equivalent to Cronbach's alpha (Andrich, 1982) . RUMM2030 also has an option for modifying the sample size for the chi-square and analysis of variance fit statistics. To reduce the risk of Type I errors, the alpha level for the item chi-square tests of fit was adjusted using the Bonferroni correction (Bland & Altman, 1995) .
Procedure
Permission for the research was granted by the human research ethics committee of the administering institution and the developers of the instrument. Trained interviewers collected the data via the computer-assisted telephone interviewing method for survey administration. Household telephone numbers were randomly selected from an electronic household telephone directory that represented 88% of Western Australian households (Australian Communications and Media Authority, 2012). A random within household sampling method for telephone surveys was utilized so that the chances of selecting a mix of gender and age groups was balanced. In this method, the adult in the house with the next birthday was invited to participate in the survey (Lavrakas, 1993) . Up to 10 callbacks were made to each household and this resulted in an affirmative rate of 60%.
Results
We compared whether the data fit the partial credit or the rating scale parameterization best. In the partial credit parameterization, the thresholds are different for each item, whereas each item has the same thresholds in the rating scale parameterization. The data fitted the partial credit parameterization better than the rating scale parameterization of the polytomous model for all of the analyses, as indicated by the likelihood ratio test in RUMM2030 (χ 2 = 403.125, degrees of freedom = 41, p < .000). Table 1 shows the WEMWBS items, the response categories, the percentages of responses in each response category for each item, as well as the scoring of each response category. Most of the responses are in the "Often" and "All the time" categories, with the exception of Item 5 (I have had energy to spare), which had a considerable number of responses in the other categories. None of the categories had 0 response frequencies. In 9 of the 14 items, the thresholds were disordered. In the remaining 5 items, thresholds are located very close to each other on the continuum. In other words, they are close to being disordered. A threshold is the point on the measurement continuum where a response in either of two adjacent response categories is equally likely. The thresholds partition the measurement continuum into ordered categories for each item. If the response categories work as intended, the thresholds are in the same order as the categories. Thresholds that are not in order, that is, reversed-order thresholds, are evidence supporting the idea that the response categories of the rating scale do not function as intended.
Response Option Thresholds Ordering
The upper graph in Figure 1 , which shows the category probability curves for Item 4, indicates which response categories were problematic. The curves for Item 4 are representative of all the items with disordered thresholds. For data to fit the model, each response category should successively show the highest probability of endorsement. The graph shows that Category 1 does not have a point where it is the most likely response. The threshold between Categories 0 ("None of the time") and 1 ("Rarely") is further to the right on the continuum than the threshold between Categories 1 ("Rarely") and 2 ("Some of the time"). It seems respondents could not readily distinguish between response categories "None of the time" and "Rarely."
Given persons could not distinguish between responses in the first two categories, the responses were rescored as follows: "None of the time" and "Rarely" (both scored 0), "Some of the time" (1), "Often" (2), and "All of the time" (3), for all items. The lower graph in Figure 1 shows the category probability curves for Item 4 after rescoring. The curves for this item are representative of all the items after rescoring. Each response category now has a point where it is the most likely response. The thresholds for all items were ordered after rescoring. For future data collection with the WEMWBS in this population, the two categories "None of the time" and "Rarely" should form one category.
Targeting and Reliability
Rasch item estimates are on the same scale as the person estimates in the Rasch model, which means the alignment of persons to items (i.e., targeting) can be assessed. A lack of items at certain points on the measurement continuum can then be identified. The upper graph in Figure 2 shows the frequency distributions of the estimated person and item threshold locations after rescoring. Positive values on the continuum represent higher levels of positive mental well-being. It is clear from the graph that the item thresholds aligned well with the persons. The person locations were normally distributed with a mean of 0.706 (SD = 1.22). The PSI of reliability and Cronbach's alpha was .88, indicating that the analysis separated the persons sufficiently on the continuum.
Fit of Responses to the Rasch Model
The approach to assessing fit in this research is that of Smith and Plackner (2009) , who recommend a "family approach" to assessing fit in Rasch measurement. Different fit statistics assess different types of misfit and by considering more than one fit statistic for each item a complete picture of misfit can be obtained. If an item misfits according to one fit statistic, the misfit is considered less severe than if the item misfits according to more than one fit statistic. Moreover, fit statistics should be interpreted in context, ordered in the first instance and those items with the worst fit studied first. It is not a matter of assessing statistical fit only against some critical values. Critical values, such as a fit residual greater than +2.5 or less than −2.5 can be helpful, but it should not be the sole basis used for excluding an item from a test. Graphs of item characteristic curves (ICC) should also be considered. Furthermore, every conclusion should be considered against the substantive variable, its purpose and its application. Items should not be deleted on the grounds of statistical misfit only because this is not consistent with sound measurement practice. Explanations of misfit should be sought and these seen as hypotheses for further empirical testing. Table 2 are ordered by their location on the continuum.) The fit residual fit statistic is equivalent to the outfit fit statistic. It compares the sums of individual item-person residuals (i.e., residualsthe difference between what is expected according to the model and what is observed) in a similar way to the outfit statistic by summing the squared, standardized residual over the persons to obtain a summary value. A value that is negative and large in magnitude reflects an item with a response pattern whose discrimination tends to be greater than that of the average discrimination of the rest of the items. Likewise, a positive value that is large in magnitude reflects an item with a response pattern whose discrimination tends to be less than that of the average discrimination of the rest of the items. Typically, item fit residuals that lie within the range of approximately −2.5 to +2.5 would be considered fitting the model based on this one criterion. However, we did not apply critical values of ±2.5 as a rule of thumb. We interpret fit statistics relatively and in context.
The easiest item to endorse was Item 11 (I have been able to make up own mind about things) and by far the most difficult item to endorse was Item 5 (I have had energy to spare). Items 5, 8, and 10 had the largest fit residuals, relative to the other items, and the chi-square probabilities show that the misfit was statistically significant. Figure 3 shows the ICCs for the three most misfitting items (5, 8, and 10). Item 5 (I have had energy to spare) discriminated less than that expected according to the model, suggesting that it measured something slightly different from the other items. Items 8 (I have been feeling good about myself) and 10 (I have been feeling confident) discriminated more than that expected according to the model. There are a number of reasons why items sometimes discriminate more than the average, including response dependency between the items, and that these items "summarize" or capture all aspects measured by the other items. Table 3 provides summary fit information. The mean of the individual item fit residual statistics was 0.578 (SD = 5.65). The mean of the person fit residual statistics was −0.4920 (SD = 1.79). If data fitted the model, the means for the fit residuals should be close to 0 and the standard deviation close to 1. The large standard deviation of the item fit residuals (5.65) indicates that the items do not fit the model. Person fit appears to be better than item fit. The total itemtrait chi-square statistic (for which the groups are formed on the basis of persons' estimates on the trait measured, in this case mental well-being) is the sum of all the individual item chi-squares. It reflects the property of invariance across the trait and in the present study it was significant, demonstrating that the hierarchical ordering of the items varies across the trait (i.e., the items are ordered differently on difficulty for persons with low values of the trait compared with those with high values on the trait).
Independence of Responses (Response Dependency and Multidimensionality)
Fit indices reported earlier indicate that the items do not fit the model. This section reports the results of specific tests of misfit, namely tests for item response dependency and multidimensionality.
Response Dependency. The correlation between the standardized item residuals for Items 8 (I have been feeling Figure 1 . Response category probability curves before rescoring (top) and after rescoring (bottom) for Item 4. After rescoring each response category successively shows the highest probability of endorsement.
good about myself) and 10 (I have been feeling confident) was high relative to the other items, .270. This indicates response dependency between these two items. The next highest correlation, .197, was between Items 6 (I have been dealing with problems well) and 7 (I have been thinking clearly), indicating a smaller amount of response dependency between these two items. The response dependency between Items 8 and 10 was not the reason these items discriminated more than the average, because when either item was deleted, the other still overdiscriminated. The more likely reason for these two items overdiscriminating is that they are "overall well-being" items, capturing all aspects measured by the other items. In studies where factor analysis has been performed on the WEMWBS, Items 8 and 10 have had the highest factor loadings of all items (e.g., Lloyd & Devine, 2012: .854 and .855; Spittlehouse, Vierck, Pearson, & Joyce, 2014: .837 and .846, respectively) , thereby suggesting their overly high discrimination results from the fact that they capture variation common to the other items.
Differential Item Functioning
No items showed statistical DIF for income. Item 5 (I have had energy to spare) showed statistical DIF for age and Items 4 (I have been feeling interested in other people), 8 (I have been feeling good about myself), and 10 (I have been feeling confident) showed statistical DIF for gender. The statistical DIF was identified through an analysis of variance of person-item residuals, where under the null hypothesis of no DIF, the ratio of the mean square of the residuals between groups and the mean square residuals within groups is not statistically significant. Hagquist (2012, 2015) distinguished between real and artificial DIF because an item can show DIF that is not real as a result of real DIF in other items. Briefly, their method involves deleting the item which shows the highest DIF and then investigating the DIF results after deletion. The next item with highest DIF (in the new table produced) is found, deleted, and then the DIF table investigated again after this second deletion. This process is repeated until no items show DIF. Artificial DIF disappears after all items with real DIF have been deleted. Applying the Andrich and Hagquist (2012) procedure confirmed that the statistical DIF in these items was real. Figure 4 shows the DIF graphically for each item. Elaborating on the interpretation of the statistical DIF in terms of the interaction between content of the items and the composition of the groups, Figure 4 shows that for Item 5 (I have had energy to spare), for persons at the same level of positive mental well-being, those in the youngest age group (<30 years) scored higher than those in the other groups (>30 years). This may be explained in part by age given that more than 50% of respondents were more than 50 years of age and only 13.8% were under 30 years of age. Due to physical ageing, older respondents would be expected to have less energy, despite their level of mental well-being. Item 5 may therefore be measuring an aspect of physical health that is affected by age, rather than a purely mental well-being aspect of health. Thus, based on both the statistical identification and the substantive interpretation of DIF, this item was considered for deletion in subsequent analyses.
Figure 4 also shows that for Item 4 (I have been feeling interested in other people), for the same level of mental well-being as estimated using all the items, women scored higher on this item than men. For Items 8 (I have been feeling good about myself) and 10 (I have been feeling confident) the DIF was in the opposite direction. For the same level of mental well-being, men scored higher on these items than women. These findings may reflect other research evidence showing that at the general population level, women display a greater emotional range, have different methods of interpreting mental health symptoms, and are more likely to seek help from others for these compared with men (Buffel, Van de Velde, & Bracke, 2014; Wilhelm, 2014) . These items also misfitted and may be measuring something that the other items, taken together, already capture. Based on both the statistical identification and the substantive interpretation of DIF, Items 4, 8, and 10 were all considered for deletion in subsequent analyses.
Unidimensionality
After extracting the Rasch factor, there should be no further pattern among the residuals. If a principal component analysis (PCA) indicates a meaningful pattern, the scale or test is not unidimensional. The eigenvalue of 1.997 for the first component was somewhat larger than the eigenvalues for the other components. The first principal component explained 14.26% of the total variance among residuals. This suggests some multidimensionality. A Rasch PCA of the residuals indicated that the loadings directed the items into two different sets. When the items that loaded positively on the first component (6, 7, 8, 10, 11, 14) and the items that loaded negatively (1, 2, 3, 4, 5, 9, 12, 13) on the first component were used as separate sets of items, t tests for 182 of the 2,005 cases (9.08%) were significant at p < .05. This indicated that the person locations estimated from these two sets differed significantly in 9.08% of cases, which is higher than the 5% expected by chance and indicates a violation of unidimensionality.
The Derived 10-Item Scale
Because of DIF, item fit, and possible redundancy, Items 5, 8, and 10 were considered for deletion. However, deletion of items was done iteratively, one item at a time followed by This left a total of 10 remaining items. These items tended to separate into aspects representing the eudaimonic and hedonic elements of positive mental well-being that spanned different regions of the continuum.
It is important to note that response dependency is typically found where an item requests, for example, an overall level of satisfaction following several other such items (e.g., the Course Experience Questionnaire: Wilson, Lizzio, & Ramsden, 1997) . Items 8 and 10 in the WEMWBS are response dependent as they function in the same way as this, summarizing the other items on well-being. Because the items do not provide any additional information over and above that provided by the other items, they can be considered redundant and should be considered for deletion. Moreover, response dependency between items results in inflated reliability (Marais & Andrich, 2008) . For these reasons, we decided to delete Items 8 and 10.
With reference to the ordering of these 10 items, it is not unlike that reported in the WEMWBS development study using confirmatory factor analyses (Tennant, Hiller, et al., 2007) and in recent studies using Rasch (e.g., Bartram et al., 2013) , particularly in terms of Items 11 (making up mind about things), 7 (thinking clearly), and 6 (dealing with problems) being the easiest to endorse (i.e., they spanned the lower range of the continuum). Furthermore, there appears to be an alignment between the ordering of items and the complex construct of mental well-being. Specifically, the ordering tends to reflect the distinct perspectives of mental well-being which focus on psychological functioning and self-realization (i.e., eudaimonic elements) and the subjective experience of happiness and life satisfaction (i.e., hedonic elements; see Clarke et al., 2011; Ryan & Deci, 2001; Tennant, Hiller, et al., 2007) . Consistent with definitions of mental well-being (see Ryan & Deci, 2001) , the construct represented in the present Rasch analysis covers the majority of eudaimonic and hedonic concepts associated with positive mental wellbeing that are recognized as having major consequences for mental health and social outcomes (Hupert & Whittington, 2004; Tennant, Hiller, et al., 2007) .
After deletion of these four items, there were no items showing statistical DIF and no items with response dependency. Table 3 shows the summary statistics after deletion of these four items. The PSI dropped from .88 to .83 after removal of the four items. Even though the total item-trait chi-square statistic was not significant and indicated the data fitted the model, the standard deviation of the item fit residual (3.623) was still quite large and not close to 1. This standard deviation reflects three remaining items with large item fit residuals relative to the other items: Item 1 (I have been feeling optimistic about the future, fit residual of 6.686); Item 3 (I have been feeling relaxed, fit residual of 5.706); and Item 13 (I have been interested in new things, fit residual of 3.922). These items did not misfit according to the chi-square fit statistic. Figure 5 shows the ICCs for these items. The misfit was not severe with the dots, showing the observed values in each class interval, being quite close to the curve, which represents the expected value.
The lower graph of Figure 2 shows the person threshold distribution after deletion of the four items. It shows the persons were still reasonably well aligned to the items. The person distribution was not as normally distributed as in the previous analyses and showed a slight ceiling effect. The PSI was .83 and Cronbach's alpha was .85.
The results of the t tests for unidimensionality (see Table  3 ) revealed that 134 of the 2,005 cases (6.68%) had significantly different estimates based on the subsets of items identified through the Rasch PCA of residuals. Even though this is more than expected by chance, it is less than the 9.08% of the previous analysis. It must be acknowledged that with larger sample sizes, there is more power to detect misfit, along with the risk of identifying misfit that is statistically significant, but substantively irrelevant. The large sample size may therefore have played a role in the misfit reported above.
The 10-item scale in this study retains all seven items of the 7-item SWEMWBS (Bartram et al., 2013; StewartBrown et al., 2009) and in addition retains three extra items (Items 12, 13, and 14) . The 10-item scale has face validity and a balance between hedonic (six items) and eudaimonic (four items) elements of mental well-being. This is similar to that found in the 7-item SWEMWBS (4 hedonic and 3 eudaimonic items) and the 14-item WEMWBS (9 hedonic and 5 eudaimonic items), both of which also include more items measuring hedonic elements of mental well-being. However, the underlying construct in the current 10-item WEMWBS has less of a focus on elements of an individual's feelings of happiness, satisfaction, and interest in life (i.e., hedonic), compared with the 14-item WEMWBS.
When evaluated with a reasonable sample size of 500, the scale was found to be unidimensional. As shown in Figure 5 , the misfit of the remaining items was not severe. Furthermore, no items in the scale showed DIF, thereby making comparisons of overall mental well-being for the 
Discussion
The primary aim of this research was to evaluate the psychometric properties of the 14-item WEMWBS among Western Australians through the application of the Rasch model. The results provide evidence to support the interval scale measurement properties of a 10-item WEMWBS that covers both eudemonic and hedonic mental well-being and which also meets the Rasch model criteria. This is supportive of the broad consensus that mental well-being is a complex construct that covers hedonic and eudaimonic well-being (Clarke et al., 2011; Ryan & Deci, 2001; Tennant, Hiller, et al., 2007) .
Our Rasch analysis suggests respondents experienced difficulties in discriminating between the response options "None of the time" and "Rarely" and therefore these categories were amalgamated. Subsequently, participants were able to discriminate. In future data collections using the WEMWBS in Australian contexts in this age of population, these two categories should form one category.
Initially, the WEMWBS was not compatible with interval scaling for use with the participating population because the estimation of model fit revealed deviations from the Rasch model expectations. Consequently, by carefully examining the item fit statistics and DIF, the misfitting items were sequentially removed (iteratively, one item at a time followed by a new assessment of misfit after deletion), and this resulted in a 10-item scale. While the content validity of a scale can be compromised by removing items (Bohlig, Fisher, Masters, & Bond, 1998) , the aim of this study was to produce a reliable, concise, and more authentic assessment instrument and this was achieved. However, as recommended by Meijer and Egberink (2012) , we did not rely solely on statistically defined procedures as the basis for eliminating items. Rather, the item content and its theoretical relevance to the construct were carefully examined prior to any elimination. In doing so, a more authentic assessment of the latent construct was retained.
The final 10-item Rasch-derived scale had minimal item bias (DIF), minimal response dependency, and its polytomous response structure functioned as intended (i.e., higher scores within an item reflected greater overall positive mental well-being). The PSI was acceptable (.83) as was the Cronbach's alpha (α = .85), which exceeds the minimum value (.7) for group-level measurement (Reeve et al., 2007 Bartram et al. (2013) Rasch analyses because they also showed DIF.
Each of these analyses resulted in an identical 7-item WEMWBS; in the present study the Rasch analysis led to a 10-item WEMWBS. However, the items (i.e., 1, 2, 3, 6, 7, 9, and 11) that were retained in the present study, were also retained in the Bartram et al. (2013) and Stewart-Brown et al. (2009 ) studies. Stewart-Brown et al. (2009 raised the point that most of the items in their seven-item scale represented aspects of eudemonic well-being, with few covering hedonic well-being. Given that the concept of positive mental well-being is regarded as covering both of these aspects (Clarke et al., 2011) , the deletion of fewer items in this current study resulted in a construct that presents a more balanced view of positive mental well-being than in the seven-item scale derived by Stewart-Brown et al. (2009) .
It is worth noting that there were different reasons for items being deleted from each of the three studies cited, particularly with reference to DIF. An advantage of the present study over Bartram et al. (2013) and Stewart-Brown et al. (2009) is that it distinguished between real and artificial statistical DIF (for a review of the implications of artificial DIF, see Andrich & Hagquist, 2012 and this may be why more items were retained. According to Hagquist (2012, 2015) understanding the nature of artificial DIF is critical. Furthermore, it responds to Dorans and Holland (1993, p. 66) , who argued that "future research should focus on trying to uncover testable, verifiable, robust explanations for why DIF occurs when it does."
The retention of more items in the present study compared with the other Rasch studies may have been the result of differences between samples (i.e., Australian general population; Scottish general population: StewartBrown et al. [2009] ; and U.K. veterinary surgeons: Bartram et al. [2013] ) and ages of these samples (bigger percentage in older age group, no data on age; and bigger percentage in younger age group) and differences in data collection methods used which may have particularly affected the way in which the response categories functioned. In the present study, the participants were interviewed via computer-assisted telephone, whereas in the other studies, WEMWBS administration was via face-toface interview (Lloyd & Devine, 2012; Stewart-Brown et al., 2009) or questionnaire survey (Bartram et al., 2013) . The use of computer-assisted telephone interviewing is not the standard method for administering the WEMWBS and therefore it is possible that the present findings may not generalize when other alternative methods of administration are used. Furthermore, in the original Scottish survey on which the original WEMWBS validation was based, data were collected via computer-assisted interview, thereby preserving an element of confidentiality. The telephone interview in the present study may not have presented such a degree of confidentiality to the participants. In an attempt to address this issue, interviewers highlighted to respondents that information provided would be coded such that it would not allow the identification of individuals. Nevertheless, the participants' responses may still have been affected. Finally, that telephone respondents needed to hold a question and its response options in working memory in order to answer accurately may also have affected accuracy of responses.
It must be acknowledged that there was no demonstration of convergent and discriminant validity in the present study. This must be a strong focus of future research if the 10-item version of the WEMWBS is to be used as an indicator of population mental well-being, for monitoring population-level changes in mental well-being, and as an outcome measure in interventions. Furthermore, the response rate in the present study was 60% and it is possible that those who chose to respond might somehow be different on the variable of interest compared with those who chose not to respond.
Related to this, it is known that some people only accept calls they are expecting, while others do not accept calls from unknown numbers. Furthermore, those with mental health issues are less likely to participate in surveys (see Kessler et al., 2007) . While estimated lifetime prevalence of mental disorders varies widely across countries (Kessler et al., 2007) , no comparable measures for positive mental well-being appear to exist, meaning that comparisons with the present data cannot be undertaken. However, Lloyd and Devine (2012, p. 262) reported that "levels of mental wellbeing in Northern Ireland 2009/10 were similar to those in Scotland in 2006," irrespective of intervening events that are potentially detrimental to the mental wellbeing of a population such as a major recession. Given that Perth has not experienced such major events, it is possible that levels of mental well-being may not be any different to those reported by Lloyd and Devine (2012) .
In conclusion, positive mental well-being has the potential to improve quality of life, prevent mental and physical illness, and the use of health services (Keyes, 2007; Keyes, Dhingra, & Simoes, 2010) . As such there is a need for validated measures of positive mental well-being that can be used in population-level studies. This present study, which is the first non-Northern hemisphere study, adds Australian evidence to the growing body of data demonstrating that the 10-item WEMWBS is a concise robust measure for monitoring positive mental well-being.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
